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Introduction

Until recently, it was thought that the rdationship between economic growth and
environmental degradation was a monotonic one, even though there was little agreement as to
whether economic growth led to environmental degradation or to increasng environmenta
qudity. At the one extreme there are those who argue tha economic growth results in ever
increesng use of energy and maerids and expanding worker productivity and hence more
environmenta degeneration. At the other extreme are those who clam that the fastest road to
environmentd  improvement is adong the path of economic growth; with higher income comes
increased demand for improved environmenta protection measures. From this perspective, as
Beckerman (1992) put it: “the surest way to improve your environment is to get rich” (quoted by
Rothman 1998, pp. 178).

A number of empirical studies in the early 1990s (Grossman and Krueger 1991, 1994;
Shefik and Bandyopadhyay 1992; and Panayotou 1992, 1993, and 1995) found a nonmonotonic,
inverted U-relationship between a number of locd pollutants such as particulates and sulfur
dioxide and income suggesting a changing relaionship between environment and growth aong
the course of economic development (see Figure 1). At an early stage of development the
environment deteriorates with economic growth until a certain levd of per capita income is
reached beyond which further increases in income result in environmenta improvements. The
changing income-environment relationship in the course of economic development, known as the
Environmentd Kuznets Curve (EKC) was dtributed largely to behaviord factors as income
ries the effective demand for environmentd qudity (an income-éadic amenity) rises and
eventualy overwhems any scale effects of economic growth on pollution.

Figure 1. The Environmental Kuznets curve

Environmental
Degradation

Income



The behaviord explanation of the EKC presumes a perceived impact of pollution on
hedth, qudity of life, or wefare more generdly; it is the changing vauation of these impacts as
income increases that brings about the reversd of the growth-environment redationship. It is
therefore, surprisng that empiricd dudies in the lale 1990s (eg. Schmaensee, Stoker, and
Judson 1998 and Panayotou, Sachs, and Peterson 1999) found the same inverted Urdationship
between a globa pollutant, CO,, and economic growth. CO; is greenhouse gas, which is not
visble or in anyway perceptible, ad any impact (globd waming) it may have is didant,
dipersed, and highly uncertain. It is, therefore, unlikely that behaviord changes (due to
perceptible cdimate change) can explain fdling CO, emissons per capita once a certain leve of
per capitaincomeisreached. A different explanation is cdled for.

The Structural Change Hypothesis

The dructura change hypothess proposes that economic growth brings about structurd
change that shifts the center of gravity of the economy from low-polluting agriculture to high-
polluting industry and eventudly back to low polluting services. At low levels of development,
both the quantity and the intendty of environmentad degradaion are limited to the impacts of
subsstence economic activity on the resource base and limited quantities of biodegradable
wades. As agriculture and resource extraction intendity increase and indudridization takes off,
resource depletion and waste generation accderate. At higher levels of development, Structurd
change towards information-based indudries and services can result in a dedine in
environmenta degradation.

Efforts to test this hypothess usng cross-section data have been criticized as mideading
(eg. Stern 1996, Vincent 1997, Unruh and Moomaw 1998). An EKC obtained from cross
country regressons “may smply reflect the juxtgpostion of a podtive reaionship between
pollution and income in developing countries with a fundamentdly different negetive one in
developed countries, rather than a single relaionship that applies to both categories of countries’
(Vincent 1997, pp. 417). This criticism may be vaid even for results obtained from pane daa
(such as Schmaesee, Stoker, and Judson 1998 and Panayotou, Sachs, and Peterson 1999)
because of a lack of overlap between developed and developing country data series al high
income observations are from deveoped countries, al low-income observetions are from

developing countries (Vincent, 1997).



To address this problem, we test the hypothess tha dructurd change drives the
environmental  trangtion, by usng a unique income and population data series that covers the
entire period from 1870 to 1994, developed by Maddison (1995b), and CO, emissons that date
back to 1751 developed by Marland et a (1996). Data for both income and emissons during the
period are available for saventeen OECD countries including United Kingdom, the United States,
and Jagpan — three countries that have undergone structurd change and environmental trangtion
a different times. This enables us to draw paradld conclusions about present-day developing
countries.  Doing 0, however, is dso controversd. An dternative explanation for the
downward-doping segment of the inverted U-shaped rdaionship, consstent with the structurd
change hypothesis, is that as countries get richer they spin-off pollution-intensive products to
developing countries with lower environmenta dandards, ether through trade or direct
investment in these countries. If this is true, the past is not a good predictor of the future
developing counties, as Grossman and Krueger (1995) noted, “will not dways be able to find
gill poorer countries to serve as havens for the production of pollution-intensive goods’ (pp. 32).
In order to address these concerns, we dso test the role of internationd trade in explaining the
environmenta trangtion of present-day developed countries toward lower CO, intendties,
compared to earlier stages of their development.

A Unique Data Set 1870-1994

We use a unique data set with information on income, population, capital stock, and
emissions for the period 1870-1994. This data set covers seventeen advanced countries for dl
vaiables except capitd sock for which we have information on only sx indudridized
countries’ The sources of this data, and summary tatistics are discussed below.

Summary ddidics that suggest that the basic income-pollution relationship changes over
time are presented in Tables 1, 2, and 3. These tables suggest that emissons increase more
rapidly than incomes a early stages of growth, and less rgpidly than income as economies
become richer. As seen in Table 3, present-day indudtria countries were experiencing a more

than proportiond increase in CO, emissons asincome increased during 1870-1910, just asdo

! The countries for which we have income and emissions data are Australia, Austria, Belgium, Canada, Denmerk,
Italy, France, Finland, Germany, Japan, Netherlands, New Zealand, Norway, Switzerland, Sweden, United
Kingdom, and United States. We have exports datafor all these countries except New Zealand. We have capital
stock datafor France, Germany, Japan, the Netherlands, the U.K., and the U.S.



many developing countries today. The exception is the United Kingdom, which had experienced
earlier indudridization, structura change, and environmenta trangtion. From 1910 to 1950, dl
indudtrid counties had made the environmenta trangtion to less than proportiond growth in
emissons except for Japan which was a the same turning point as the U.K. during 1870-1910.
From 1950 to 1990, Japan's annua growth rate of emissons fell below that of income while the
U.K. swas reduced to zero despite a 2.2% average growth in income,

The CO, emissons data have been cdculated by Marland et al. (1996), and are published
by the Carbon Dioxide Information Anayss Center (CDIAC). CDIAC has edimated globd
CO, emissons from fossl fud use on a country-by-country basis beginning in 1751. This déta is
summarized from 1870 to 1990 in Figure 2 and Table 4 for the seventeen countries in our
andyss.

As a means of placing these emissons flows in a globa context, CDIAC reports that non
OPEC high-income countries contributed 46 percent of combustion emissons in 1996 (not
shown in this study). Thirteen percent of tota emissons came from Russa and Eastern Europe
and 15 percent came from China The so-called Annex 1 countries (the developed and transition
economies that have assumed emissons targets under the Kyoto Protocol) accounted together for
59 percent of emissons. However, these shares are changing rapidly snce emissons from
Annex 1 countries are leveing off or fdling, while emissons from developing countries (non
Annex 1) are growing a 6 to 7 percent per annum.

Before 1960, norrAnnex 1 countries, accounting for 77 percent of the world population
and only 37 percent of the world income in 1994, were reatively indggnificant contributors of
CO, emissons. While CO, emissons from countries like China began risng rapidly a about
that time, it was not until 1980 tha the share of non-Annex 1 countries in world emissions began
to account for one quarter of globa emissions from fossi| fuels?

The income and population data used in this anadyss have been derived by Maddison
(1995b). These data are presented in constant Geary-Khamis dollars, a unit that is adjusted to
reflect “purchasing-power parity” much like the more familiar Summers and Heston (1992) data
st. While Maddison does provide detailled data for a globdly representative sample of fifty-9x
countries, accounting for 93 percent of world output in 1992, we have limited our data set to the

2 Details on the distribution of emissions between developed and developing countries are available in Panayotou,
Sachs, and Peterson (1999).



developed economies for purposes of isolating the effects of dructura trangtion as discussed
previoudy. Moreover, as discussed below, the variable intended to capture the structura
trangtion from agriculture to industry to services is avalable for only a limited set of developed
countries for the period under congderation.

Table 5 summarizes the increase in income per capita that has been experienced in the
developed world snce 1870. As Figure 3 makes clear, not only has the increase in absolute
levels of income been driking, the developed world aso has experienced convergence in
incomes over time. This dands in driking contrast to the rest of the world, which has not
experienced seady growth in incomes and which has not converged to the level of income of the
richest nations. The club of countries under analyss here is the fortunate subgroup for which the
20" century was a profitable one.  Figures 4 and 5 contrast the closely bunched scatter plot of
income per capita and the dispersed scatter plot of CO, emissons per capita  The difference
between these images suggests that smdl differences in incomes can reflect much larger
differences in economic structure.

The edimates of gross capital stock have been taken from Maddison (19958). Time
series of capital sock are available for six countries, France, Germany, the Netherlands, Japan,
the United States, and the United Kingdom. Complete time series for the period 1870-1992 are
avalable only for the UK. The totd gross physicd capita stock is composed of the gross stock
of nonresdentid dructures and the gross stock of machinery and equipment. The capitd stock
of these 9x countries is shown on a per cgpita and per unit of GDP basis in Tables 6 and 7. The
year-onyear cdculaion of capitd accumulaion is peformed using the perpetud inventory
method. This means that an estimate is made for each year of new invesment of different kinds,
and old assets that are scrapped are subtracted. There is additional adjustment using standard
assumptions about asset lives and war damage.  As Figure 6 shows, the post-World War 11 period
has been marked by a regpid indudridization of Jgpan and a leveing off in the capitd intengty of
the U.S. and the U.K. The rdationship between this leveing off and emissons of CO, is a the
heart of thisinvestigation.

Figures 7 and 8 show the pattern of capitd accumulation for the U.S. and the U.K. In the
U.K. the capitd stock grew much more dowly than in the U.S. In both countries, the increase in
machinery and equipment over the period of andyds is dgnificantly greater than the increase in
nonresidential  structures. Technologicd change has made the machinery and equipment portion



of the capital stock relatively more important as structural change occurs and as the size of the
population incressed.  In this sense, the increasing capitd stock reflects both capital “widening”
and capitd “deepening.”

We dso invedtigate the role of trade — both as a cause of emissons itsdlf and as it
interacts with the basic income-emissons relaionship. We use data from Maddison (1991) on
export volumes 1870-1989. This variable is not the ided measure of trade because it excludes
imports, but it should be correlated with the openness of these economies, and thus capture te
effect we are interested in.  Table 8 shows the trend of exports as a percentage of GDP. The role
of exports in income increased dgnificantly following World War 11, but was rddively congtant
before that.

Econometric Estimation

The unique data set that we use for this andyss presents some econometric challenges
that have not been a focus of previous EKC research. Previous work (Panayotou, Sachs and
Peterson 1999; Schmaensee, Stoker, and Judson 1998; among others) relied upon pane data
over 30 to 40 years. In this paper we use 125 years of observations, this means that serid
correlation is dmost certainly present in our data That is high redlized vaues of the dependent
vaigble in any period are likely to be followed by high vaues of the same variable in the next
period. This is common in macroeconomic data. We confirmed this hypothesis by performing
Durbin-Watson tests for serid corrdation. In dmost dl cases, the null-hypothess of no serid
corrdation is rgected when smple ordinary least squares techniques (OLS) are used. This must
be accounted for usng feasible generdized least squares (FGLS) techniques in order to get
conggtent coefficient estimates. Below, we review the econometric specification we use with (1)
pand data and (2) time series and explain the datistical trestment of serid corrdation in this
data

Panel Data Specification

For the sample of al indudridized countries, we edimate the following reduced-form
equation:
)

_ 2
eit _ai +b1yit +b2yit +g(it +Ui +e|t
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(2) where:

e =1n CO, emissons per capita

a = acountry specific intercept

y = Inincome per capita

X = vector of In population dengty, In exports per unit of GDP, and In capita per unit of GDP.
u; = unobserved country-specific, and time invariant, error.

e;; = time variant error, whichwe assume is produced by an auto-regressive (AR)- 1 process.

That is, we assume that:
)

e =re

t i |t-l+rI

it
where nj; is an error term that may be heteroskedastic in structure® Note that this differs from
the more common pand data specification in which the eror component is assumed to be
random, though not necessarily homoskedastic. We dlow for corrdation across time periods
because we andyze such a long time period and because the macroeconomic varigbles we
consider move relatively Sowly from one period to the next.*

The assumption of AR-1 correlation provides sufficient structure to this specification that
the variance-covariance matrix associated with e in equation 1 may be estimated if an estimate of

ri is avalable. Following standard techniques, we edimate r; by (1) esimaing equation 1 usng

3 Thiserror structure makes it clear why OL S does not produce consistent coefficient estimatesin the presence of
serial correlation. The expectation of g isnot zero, but is, in fact, r g.1.

4 The Durbin-Watson test is based on the assumption that  and g.; have acorrelationr . The Durbin—Watson
V]

g v U v
a (et- e[-l)* (et‘ etl)
statisticisdefined as d = —2

5 . Durbin and Watson showed that there existsad, such that
ae
2
if d<d, the null-hypothesis of no autocorrelation should be rejected, and that there exists dy, such that if d>dy the
null-hypothesis of no autocorrelation cannot be rejected. Thereisalso an indeterminate middle range. In Tables 12
and 13 we report the Durbin Watson statistic in the case of OL S and the Durbin Watson statistic in the case of

FGLS. The purpose of using FGL S cannot be thought of as a means of getting a Durbin-Watson statistic d>d
instead of d<d

11



(OLS), (2) using the estimate of e from this OLS regression to estimate r; in equation 2° This is
a consgent estimate if the assumption that the process of AR-1 is correct. With this estimate of
ri, equation 1 can be re-estimaed usng FGLS. As in the usud pand pecificaion, the use of
country dummies is sufficient to remove unobsarved time-invariant fixed effects from the error
teem. That is, equation 1 is re-estimated, contingent upon the estimated error sructure.  If the
assumption of AR-1 is a good gpproximation to the data, these FGLS estimates will be more
efficient than OLS, and will be consstent regardless.

Time Series Specification

For the U.S. and the UK., we estimate equation (1) as a time series gpecification. A
amilar technique to the one described above is dso used, thet is, an estimate of r is obtained and
then the equation of interest is re-estimated contingent on this vaue of r. As in the case of the
pand data, this FGLS technique s an improvement over OLS if the data is close to being AR-1.
However, as dways, there is the possibility that the error term is corrdlated with the variables for
which we edimate coefficients. Without the freedom offered by pand data to control for
unobserved time-invariant dements of the error Sructure, this is more likely to be true in the
cae of time series data.  In particular, while standard pand data techniques control for the
portion of the error that we have desgnated u;, there is no way to control for this portion of the

error sructure in time series andysis.

Empirical Findings

The results of the pand data analyss are reported in Table 9. In model 1 (Regresson 1)
income per cgpita and income per capita squared are the only explanatory variables. Both are
datigticdly dgnificant and have the expected sgn. Thus, the EKC rdationship appears to hold
in this panel data set of seventeen indudtridlized countries over the 124-year period between 1870
and 1994. The implied income dadticity of CO, emissons is depicted in Figure 9 as a
downward doping curve between 2.0 and 0.4.

The next modds are intended to explore the effects that are driving the EKC in this long
time series.  We hypothesze that the process of Sructurd change, passing through stages of

® The estimated value of r isan indication of how tightly correlated the data seriesis over time. We provide these
estimatesin Tables 12 and 13 in the row designated “rho.”



devdlopment from agriculture, to industry, to services-based economies explans the EKC
phenomenon in today’s developed countries. To test this, we introduce a variable intended to
track capitd formation (an indudrid economy is more cgpitd-intendgve than an agriculturad
economy, but services-based economies need not have as much capita per unit of GDP as an
indusgtrial economy). To underdand the effect of sructurd transformation, we need to control
for severd effects, in particular changing population dengity and trade.

Increasing population dendty has a least two important effects on the sructure and
emissons intendty of an economy. Fird, richer economies support more populaion. In this
sense, controlling for population dendty adds little not aready captured by the income varigbles.
Second, and more important for our purposes, increasng population dendty lowers
transportation costs and eectric networking costs.  As population density in these countries has
increased, the resulting lower trangport costs may change. This phenomenon could change the
emissions structure as digtinct from change caused by increasing incomes.

The rationde for controlling for the trading activity of a country is dmilar to the
population dendty reasoning. On the one hand, increased exports is co-linear with increasing
income, and 0 little additiond information is added by introducing an export variable into the
reduced form equation. On the other hand, the “pollution-haven” hypothesis suggests thet richer
countries export their pollution by buying dirty goods from abroad and even produce such goods
abroad themsdlves.  This hypothesis, if correct, would suggest that for poor countries, more trade
means more pollution, while for rich countries more trade means less pollution; above and
beyond smple income effects.

In modd 2 we introduce nonresdential capital per unit of GDP as a surrogate for
indudridization; it is datdicdly inggnificant.  Controlling for population dengty in modd 3
does not dter this result. In mode 4 we introduce international trade, represented by the
export/GDP rdio; it is datidicaly sgnificant and pogtive, suggesting that trade tends to increasse
rather than reduce CO; emissons. In modd 5 we add an interaction term between trade and
GDP per capita to test the hypothesis that the effect of trade on emissons depends on a country’s
dage of devdopment. The interaction term is ggnificant but the Sgn reverses depending on the
sample used, being postive for the largest possble sample and negative for there more limited
sample for which capitd accumulation data are available.  Controlling for populaion dendty in
model 6 does not dgnificantly dter the results.  This suggests thet, in this sample, the

13



transportation codts dructure effects of increasing populaion dengity are less important than the
pure income effects. In modds 7 and 8 we reintroduce the nonresdential cepital stock.  In
modd 8 (where we control for population dendty) the results suggest that an EKC relationship
between CO, emissions and trade, with internationd trade increesng emissons a earlier stages
of devdopment and reducing emissons a higher levdls. The nonresdentid capita stock
continues to be indgnificant in the complete modd, suggesting the posshility that its role might
aso change as a country develops.®

To explore further the apparently changing role of trade and cepitd stock adong a
country’s development path we divide our pand dita into three time periods. 1870-1910, 1910-
50, and 1950-90 and we rerun our three basic regression moddls, equations 2, 5b and 8.

We report the results in Table 10. Here, we discuss only the complete mode 8, which
includes, in addition to income, trade, capitd sock, and population densty. The following
observations are worth noting:

a) during the period 1910-1950 that encompasses two world wars and the great depression, very
little is found to be datidicaly sgnificant; neither income, nor trade can explan variations in
CO, emissons, only population dendgty (-) and nonresidentia capitd stock (+) have any
explanatory powe;

b) during the preceding period, 1870-1910, trade contributes to emissons but a a decreasing
rae as income increases, while both population densty and capital stock contribute to higher
emissons

c) It is only in the mogst recent period, 1950-1990, when both population density and capitd
dock make negative contributions to emissons, that income is daidicdly sgnificant and the
dgns ae as expected. Trade 4ill contributes to higher emissons a a decreasing rate as
income increases but its contribution is sgnificantly reduced compared to the period 1870
1910.

d) The rise and fdl in the contribution of the capitd stock per unit of GDP to emissions (its
emissions dadicity rises from 0.42 to 0.76 and fdls to —0.19) lends support to the structura
change hypothesis.

6 Of coursethere are other explanations such as the significantly reduced sample for which capital stock dataare
available. It may also truly lack explanatory power and should be rejected.
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We have dso atempted time series analyss for two countries, the U.S. and U.K. (the results
are reported in Tables 11 and 12). While the number of observations is drastically reduced and
the results should be interpreted with caution, two points may be worth noting: (a) the EKC
hypothesis is generdly supported for both countries, and (b) the trade dadticity is fairly stable in
the U.K. but changing in the U.S. while the reverse is true of the capitd stock dadticity: it is
gablein the U.S. but ungtablein the U.K.

Conclusion and Policy Implications

The purpose of this short paper was to test the robustness of the Environmentd Kuznets
Curve, an inverted U-shaped rdationship between income and CO, emissons usng long-time
series rather than cross section or "nonoverlapping” pand data, and to explore the role of
gructurd change and trade in the income-environment relaionship.  For this purpose, we used a
unique data set for seventeen OECD countries that spans 124 years, dthough data for a key
vaiable, nonresdentia capitd stock, were avalable for only sx countries. The findings of the
econometric anayss, while lending support to the EKC over the long haul of 124 years (Figures
10, 11, and 13), are less persuasive when the datais divided into three forty-year periods.

Of paticular interest is the changing role of the nonresdential capital stock, used to
represent dtructural change, adong the development path. In early stages of development, capita
accumulation results in ridng emissons, its contribution to emissons rises as the country
indudridizes, but fdls and becomes negative in the podindudrid stage. Trade generdly
increases emissons, but, a high levels of incomes, trade tends to reduce them (see Figures 12
and 14). This appears to be consstent with the "pollution-haven” hypothess that asserts that the
downward doping part of the EKC is due to the spinning-off of polluting products to developing
countries through trade and foreign investment. However, the persgence of the EKC in the
presence of daidicadly dgnificant trade terms in the complete modd for the period 1870-1994
and for the 1950-1994 period suggests that trade cannot explan away the EKC for CO,
emissons even if it contributesto it.

Clearly, further research is needed to untangle the diverse and shifting forces underlying
the environment-growth relationship. Whet is clear is that developing and developed countries
find themsdves on different sdes of the EKC. Deveoping countries find themsdves where the
U.K. was 150 years ago, the U.S. 100 years ago, and Japan 50 years ago, when income growth,
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dructurd change, capitd accumulation, and trade dl contributed to rapidly growing CO:
emissons. Unless dternative development and energy peaths are found that do not congrain their
growth prospects, developing countries are unlikely to participate in globa efforts to control
greenhouse gases and reduce the threat of globad warming. Developed country commitments
adone would not suffice. Simply waiting for developing country EKCs for CO, emissions to turn
down is likdy to be extremey codly in terms of damages experienced as a result of climate
change. The implication is that the developed countries, which ae in the forefront of
technologicd innovation, can bet meat ther own commitments and encourage developing
countries to participate by invesing heavily in the development of new energy technologies that
are clean and that developing countries can afford.

16



REFERENCES
Beckerman, W. (1992) Economic Growth and the Environment: Whose Growth? Whose Environment? World
Development Report
Grossman, G. and Krueger, A. (1995) Economic Growth and the Environment, Quarterly Journal of Economics

Grossman, G. and Krueger, A. (1993) Environmental I mpacts of a North American Free Trade Agreement, TheU.S.
— Mexico Free Trade Agreement

Maddison, Angus (1991) Dynamic Forces in Capitalist Development: A Long-Run Comparative View Oxford
University Press, New Y ork

Maddison, Angus (1995a) Explaining the Economic Performance of Nations Edward Elgar Publishing, UK

Maddison, Angus (1995b) Monitoring the World Economy 1820-1992 OECD, France

Marland, G., Andres, R.J., Boden, T.A., Johnson, C., and Bernkert, A. (1996) Global, Regional, and National CO,
Estimates From Fossil Fuel Burning, Cement Production, and Gas Flaring: 1751-1996, Oak Ridge, TN,

Carbon Dioxide Information Analysis Center

Panayotou, T. (1992) Environmental Kuznets Curves. Empirical Tests and Policy Implications mimeo, Harvard
Institute for International Development.

Panayotou, T. (1993) Empirical Tests and Policy Analysis of Environmental Degradation at Different Stages of
Economic Development, Working Paper WP238 Technology and Employment Programme, Geneva:
International Labor Office

Panayotou, T. (1995) Environmental Degradation at Different Stages of Economic Development, Beyond Rio
mimeo, Harvard Institute for International Development.

Panayotou, T., Sachs, J., and Peterson, J. (1999) Developing Countries and the Control of Climate Change:
Empirical Evidence Harvard Institute for International Development CAER |1 Discussion Paper No. 45.

Rothman, S. (1998) Environmental Kuznets Curve —Real Progress or Passing the Buck? A Case for Consumption-
based Approaches Globa Economics

Schmalensee, R., Stoker, T.M., and Judson, R.A. (1998) World Carbon Dioxide Emissions; 1950-2050 Review of
Economics and Statistics.

Shafik, N. and Bandyopadhyay, S. (1997) Economic Growth and Environmental Resources Journal of
Environmental Economics and Management

Stern, D.I., Common, M.S.,, and Barbier, E.B. (1996) Economic Growth and Environmental Degradation: the
Environmental Kuznets Curve and Sustainable Development World Development

Summers, R. and Heston, A. (1992) The Penn World Table (Mark 5): An Expanded Set of International
Comparisons, 1950-1988, Quarterly Journal of Economics

Unruh, G.C., and Moomaw, W.R. (1998) An Alternative Analysis of apparent EKC-type Transitions, Ecologica
Economics

Vincent, J. (1997) Testing for Environmental Kuznets Curves Within a Developing Country Environment and
Development Economic

17



Table 1. Sample Summary Statistics, 1870-1990
for 17 Industrialized Countries 1870-1910 1910-1950 1950-1990

Average Standard Dev. Average Standard Dev. Average Standard Dev.
CO, emissions per capita (metric tons of carbon) 0.80 0.83 139 113 240 1.19
Income per capita (1990 GK $) 2,715 1,046 4,267 1,583 11,357 4,072
Gross nonresidential capital stock per unit of GDP 141 0.99 159 1.20 1.25 0.96
(1990 GK $)
Source: CDIAC (1997), (emissions); Maddison (1995), (income and popul ation).
Table2: Cumulative Per cent Change of GDP and CO, Per Capita 1870- 1990
for Selected Industrialized Countries

1870-1910 1910-1950 1950-1990

GDPper capita  |CO, per capita |GDP per capita CO; per capita GDP per capita CO; per capita

France 58% 178% 78% 32% 241% 2%
Japan 69% 3B1% 49% 51% 890% 606%
UK. 44% 44% 45% -11% 138% -1%
us 102% 456% 93% 22% 128% 16%
Average Industrial 7% 230% 59% ™ 199% 82%
Source: CDIAC (1997), (emissions); Maddison (1995), (income and population).
Table 3: Average Annual Growth Rates of GDP and CO2 Per Capita 1870- 1990
for Selected Industrialized Countries

1870-1910 1910-1950 1950-1990

GDP per capita  |CO, per capita |GDP per capita CO;, per capita GDP per capita CO;, per capita

France 11% 26% 14% 0.7% 31% 0.6%
Japan 1.3% 18.3% 1.0% 1.0% 5.7% 4%
UK. 0.9% 0.9% 0.9% -0.3% 2.2% 0.0%
us 1.8% 4.3% 1.6% 0.5% 21% 0.4%
Average Industrial 14% 3.0% 1.2% 0.2% 2.7% 15%
Source: CDIAC (1997), (emissions); Maddison (1995), (income and popul ation).
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Table4: CO, Emissions Per Capita

for 17 Industrialized Countries (metric tons of carbon)

1870 1890 1910 1930 1950 1970 1990
Audrdia 0.10 0.31 111 113 183 311 4.26
Austria 0.44 0.66 2.37 0.77 0.82 184 2.03
Belgium 133 1.78 2.23 3.17 241 3.55 2.67
Canada 0.09 0.69 1.96 2.46 3.07 4.19 4.20
Denmark 0.17 0.35 0.72 119 141 343 2.69
Finland 0.01 0.02 0.10 0.21 0.45 2.38 2.80
France 0.36 0.67 1.00 163 132 2.28 1.70
Germany 0.91 204 3.33 3.15 1.79 249 3.79
Italy 0.03 011 0.19 0.26 0.24 145 1.89
Japan 0.00 0.05 0.2212 0.39 0.33 194 2.37
Netherlands 0.37 0.62 0.96 141 138 2.67 254
New Zealand 0.58 128 0.89 123 137 191
Norway 0.10 0.28 0.68 0.85 0.71 1.76 3.07
Sweden 0.09 0.28 0.65 0.84 112 313 1.55
Switzerland 0.09 0.27 0.57 0.64 0.60 172 1.74
U.K. 213 2.75 3.06 2.76 271 313 2.68
u.sS. 0.67 1.73 3.73 3.77 4.55 5.62 5.27
Average 0.43 0.78 142 1.50 1.53 271 277

Source: CDIAC (1997), (emissions); Maddison (1995), (popul ation).

Last entry for Germany is 1991 not 1990.
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Table5: Income Per Capita
for 17 Industrialized Countries (1990 Geary-K hamis Dollars)

1870 1890 1910 1930 1950 1970 1990
Audrdia 3,801 4,775 5,581 4,792 7,218 11,637 16,417
Austria 1875 2,460 3,312 3,610 3,731 9,813 16,792
Belgium 2,641 3,355 3,978 4,873 5,347 10,410 16,807
Canada 1,620 2,254 3,852 4,558 7,057 11,758 19,599
Denmark 1,927 2,428 3,565 5,138 6,683 12,204 17,953
Finland 1,107 1,341 1851 2,589 4,131 9,302 16,604
France 1,858 2,3%4 2,937 4,489 5221 11,558 17,777
Germany 1913 2,539 3527 4,049 4,281 11,933 18,685
Italy 1,467 1631 2,281 2,854 3,425 9,508 15,951
Japan 741 974 1254 1,780 1873 9,448 18,548
Netherlands 2,640 3,113 3,684 5467 5,850 11671 16,569
New Zealand 3,115 3,774 5,343 4,958 8,495 11,278 13,94
Norway 1,303 1617 2,052 3,377 4,969 9,122 16,897
Sweden 1,664 2,086 2,980 3,937 6,738 12,717 17,695
Switzerland 2172 7,068 6,160 8,939 16,671 21,661
U.K. 3,263 4,099 4,715 5,195 6,847 10,694 16,302
u.sS. 2457 3,39 4,970 6,220 9,573 14,854 21,866
Average 2,092 2,637 3,703 4,356 5,905 11,446 17,654

Source: Maddison (1995)
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Table6: Gross Nonresidential Capital Stock Per Capita

for 6 Industrialized Countries (1990 Geary-K hamis Dollars)

1870 1890 1910 1930 1950 1970 1990
France 8,569 17,331 38,536
Germany 7,818 22,130 44,405
Japan 879 1,458 3,691 5,830 28,582 114,375
Netherlands 12,158 23,098 37,453
U.K. 2,956 3441 4,213 4,94 5,626 14,079 27,055
USA 10,315 16,397 22,081 23574 32,429 51,609
Source; Maddison (1995)
Table 7: Gross Nonresidential Capital Stock Per Unit of GDP
for 6 Industrialized Countries (1990 Geary-K hamis Dollar s)

1870 1890 1910 1930 1950 1970 1990
France 0.039 0.029 0.038
Germany 0.036 0.030 0.037
Japan 0.710 0.849 1318 1767 1.487 2.789
Netherlands 2.059 1.957 2231
U.K. 0.902 0.839 0.891 0.939 0.808 1.298 1.642
u.sS. 3.037 3284 3.558 2.436 2.163 2.345

Source: Maddison (1995)
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Table8: Exports Per Unit of GDP (1870-1989)

for 16 Industrialized Countries (1990 Geary-K hamis Dollars)

1870 1890 1910 1930 1950 1970 1989
Audrdia 0.07 0.08 0.14 0.12 0.09 0.12 0.14
Audtria 0.06 0.06 0.05 0.15 0.29
Begium 0.09 0.16 0.23 0.17 0.18 0.45 0.75
Canada 0.12 0.09 0.09 0.15 0.13 0.19 0.24
Denmark 0.09 011 0.12 0.16 0.13 0.23 0.38
Finland 0.16 0.17 0.22 0.25 0.19 0.31 0.32
France 0.05 0.06 0.08 0.08 0.08 0.13 0.22
Germany 0.15 0.16 0.23 0.20 0.06 0.20 0.36
ltaly 0.04 0.04 0.05 0.04 0.04 011 0.16
Japan 0.00 0.01 0.02 0.04 0.02 0.07 0.12
Netherlands 0.18 0.16 0.17 0.16 0.13 0.32 0.53
New Zealand
Norway 0.10 0.12 0.14 0.16 0.14 0.26 0.47
Sweden 0.10 0.12 0.13 0.16 0.16 0.27 0.38
Switzerland 0.19 0.21 0.15 0.31 0.50
U.K. 0.13 0.15 0.18 0.11 0.11 0.13 0.19
u.s. 0.03 0.04 0.03 0.03 0.03 0.04 0.07
Average 0.10 0.11 0.13 0.13 011 0.21 0.32

Source: Maddison 1991, Maddison 1995.
Last entry for Germany is 1991 not 1990.



Table9: FGL SPane Data Analysisfor Industrialized Countries (1870-1994)

Dependent Variableis Ln Emissions Per Capita

1 2 3 da 4b 5a 5b 6a 6b 7 8
Ln income per capita 5.38 543 5.27 5.78 4.88 6.32 368 7.98 347 369 346
(12.097) (10.213) (9.652) (11543 (9.045) (10.186) (5.199) (1533) (4.827) (5.40) (4.931)
Lnincome per capita -0.25 -0.27 -0.25 -0.28 -0.24 -0.31 -0.19 -042 -0.18 -0.19 -017
squared
(9.853) (8.627) (7.904) (9.578) (7.659) (8.781) (5.028) (14171) (4508) (5159 (4434
Ln exports per unit GDP 012 0.13 -0.22 092 -0.32 0.92 0.77 0.08
(7.855) (5.463) 122 (4.089) (1.97) (4104 (3380) (3527)
Ln exportGDP * Lnincome per capita 004 -0.09 0.06 -0.09 -0.08 -0.08
(1.907) (3.498) (1.283) (3526) (2787) (2.956)
Ln population density -0.15 059 -0.14 -0.17
(1.229) (9363) (1.255) (1.430)
Ln total non-res capital per unit of GDP 0.00 0.00 0.03 0.06
(0.456) (0.321) (0.747)  (1187)
Constant -26.52 -25.93 -25.02 -27.66 -22.67 -30.36 -16.09 -82.86 -15.03 -16.59 -15.36
(13.897) (11.335) (10.475) (12.893) (9.671) (110498 (4.872) (1.249) (4458) (5271 (4671
Number of observations 2071 465 465 1781 453 1781 453 1781 453 453 453
Number of countries 17 6 6 16 6 16 6 16 16 6 6

All estimation performed using country fixed effects.

Estimation performed by FGL S assuming heteroskedasticity and panel-specific AR1 correlation.
Numbersin parentheses are z statistics, rather than the usual t-statistics, but areinterpreted in the same manner asymptotically.

Regressions"a" are for largest possible sample, regressions "b" are for subsample for which capital accumulation datais available.
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Table 10: FGLS Panel Data Analysis for Industrialized Countries, Preferred Specifications by Time

Periods (1870-1994)

Dependent Variableis Ln Emissions Per Capita

Ln income per capita

Ln income per capita squared

Ln exports per unit GDP

Ln exportGDP * Ln income per capital
Ln population density

Ln total non-res capital per unit of GDP

Constant

Number of observations
Number of countries

All estimation performed using country fixed effects.
Estimation performed by FGL S assuming heteroskedasticity and panel-specific AR1 correlation.

Numbersin parentheses are z statistics, rather than the usual t-statistics, but areinterpreted in the same manner asymptotically.

Regression 2 Regression 5b Regression 8
1870-1910 1910-1950 1950-1990 1870-1910 1910-1950 1950-1990 1870-1910 1910-1950 1950-1990
16.56 5.09 4.46 -5.39 231 442 -145 0.03 3.09
(7.086) (7.109) (5.261) (2.233) (3.071) (3.987) (0.686) (0.031) (2752
-0.91 -0.26 -0.21 0.28 -0.09 -0.22 0.04 0.09 -0.15
(6.325) (5.903) (4.498) (2.008) (1.934) (3.970) (:312) (1.727) (2.568)
6.44 -0.18 0.68 5.69 0.13 115
(14.067) (.695) (1.326) (13.760) (0.520) (2.266)
-0.76 0.04 -0.07 -0.68 0.01 -0.12
(13.544) (1.22) (1.372) (13.448) (0.193) (2.256)
0.44 -1.50 -0.58
(2.395) (9.455) (2.666)
1.11 -0.19 0.00 0.42 0.76 -0.19
(4.962) (3.863) (0.266) (3.704) (7.983) (3.256)
-75.33 -22.66 -21.78 26.61 -11.73 -20.46 8.85 -1.88 -12.42
(7.901) (8.025) (5.689) (2544) (3.603) (3.689) (4.671) (0.513) (2.100)
79 131 245 79 131 233 79 131 233
3 4 6 3 4 6 3 4 6
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Tablel1l: TimeSeriesAnalysisU.S. (1870-1994)

Dependent Variable is Ln Emissions Per Capita

All time
periods
1 2 3 4 5 6
Ln income per capita 8.36 31.27 7.63 754 8.75 7.68
(4873) (L192) (5.795) (5.163) (4.981) (5312
Lnincome per capita squared -043 -2.99 -0.39 -0.39 -044 -0.39
(4873) (1L192) (5.795) (4.859) (4420) (4.912)
Lnincome per capita cubed 0.10
(0.883)
L n exports per unit GDP -04606 -0.119
(0613) (0.185)
Ln exportGDP * Lnincome per capita 00522 0.0156
(0635 (0.222)
Ln population density 0.28
(1.653)
Ln total non-res capital / GDP -0.02 0.01
(0.122) (0.078)
Constant -3941 -107.33 -3633 -3514 -4189 3593
(5.046) (1366) (6.116) (6.740) (5.309) (5.367)
rho 0917 0905 0931 0872 0916 0871
Durbin Watson statistic 0222 0461 0241 0360 068  0.703
DW statistic (transformed) *2543 *2566 *2610 *2483 *2559 *2.506
Observations 125 125 125 103 120 100
F-statistic 256 387 199 581 177 359

Do not reject Ho: rho = 0 at 95% confidence level

All regressions done using Prais-Whinsten FGL S Estimator to correct for first-order auto-correlation

t-statistics cal culated using semirobust standard errors in parentheses below coefficient estimates.

Regression 1
1870 1910- 1950
1910 1950 1990
8.78 1147 7.84
(1.399) (3456) (1.196)
-0.46 -0.61 -0.39
123) (335 (L13p)
-40.37 -5214 -38.16
(1.539) (3459) (1.205)
0.917 0.951 0.790
1.015 0.668 0.399
*2572 *2252 1641
40 39 39

23 280 697

Regression 6

1870-  1910-  1950-
1910 1950 1990
271 1136 572
(0232) (4603) (1.030)
029  -067 -029
(0369) (5039) (L047)
072 072 -006
(2437) (0474) (0.968)
171 -006 002
(2408) (0.381) (0.906)
097 091 -001
(6531) (3823 (7.352)
4511 4511 2590
(0898) (5852) (0.916)
0335 0015 0862
2339 1926 0542
*2026 1908 1517
20 39 39
318 36 1267
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Table12: TimeSeriesAnalysisU.K. (1870-1994)

Dependent Variableis Ln Emissions Per Capita

Ln income per capita

Lnincome per capita squared

Ln income per capita cubed

Ln exports per unit GDP

Ln exportyGDP * Ln income per capita

Ln population density

Ln total non-res capital per unit of GDP

Constant

rho

Durbin Watson statistic
DW statistic (transformed)
Observations

F-statistic

All time periods
1 2 3 4 5 6
532 23.02 10.26 514 444 320
(8027) (08%4) (3204) (6562) (3864) (2090
-030 229 05 -029 -030 -022
(794 (0758) (3292) (6431) (5343) (2.835)
0.07
(0.665)
4295 4.207
(3493) (3.566)
0.476 -0.464
(3427) (3.495)
-0.778
(1.566)

0.002 -0.160
(0.959) (1.725)

-2283 -7505 -4198 -2209 -1476 -9.62
(7.764) (0938) (3347) (63%) (5929 (1.283)
0.40 040 040 0.3%4 0.317 0.304
120 121 121 1210 1.390 1413
*2153 *2158 *2143 *2152 *2073 *2.053
125 125 125 121 120 120
5422 85 5036 14181 6778 6200

Do not reject Ho: rho = 0 at 95% confidence level

All regressions done using Prais-Whinsten FGL S estimator to correct for first-order auto-correlation

t-statistics cal culated using semirobust standard errors in parentheses below coefficient estimates.

Regression 1
1870- 1910- 1950
1910 1950 1990
-0.96 37.30 5.05
(-0.057) (2.148) (1.646)
0.10 -2.15 -0.28

(0104) (2152 (-1671)

1.70

-160.95

-22.03

(0024) (-2131) (-1.546)

042
113
*2.003
40
35

021
0.77
1.863
39
1254

0.73
162
*1.992
39
2586

Regression 6

1870 1050 '50-'90
'10

7.78 7219 -10.79
(0999) (4.717) (1.315)
-056 -4.30 0.44
(1.271) (4831 (1.120)
9.903 9182 13409
(3.020) (6.008) (2741
-1.160 -1.040 -1472
(2973) (6.035) (2772
043 -0.16 -0.31
(6.007) (L2120 (1.179)
-2468 -3010 6259
(0.713) (4577) (1.490)
0.296 0.292 0.521
2.460 1.678 1.030
*2120 *2.056 1.742

40 39 39

176 1651 3052
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Figure2: CO2 Emissions Per Capitafor 17 Industrialized Countries, 1870-1990 (metric tons of carbon)

COz emissions per capita (metric tons of carbon)

6.00

5.00

4.00

3.00

2.00

1.00

e

N
\

b pustralia

== pustria
Belgium
Canada

== enmark
=8=inland

e rance

— Germany

T ltaly
Japan
Netherlands
New Zealand
Norway
Sweden
Switzerland
U.K.

USA

1910

1930

Year

1950

1970

1990

27



Income per capita 1990 G-K dollars

Figure 3: Income Per Capitain 17 Industrialized Countries, 1870-1990 (1990 Geary-Khamis Dollars)
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Capital stock per unit of GDP, 1990 G-K dol

Figure 6: Gross Nonresidential Capital Stock Per Unit of GDP for 6 Industrialized Countries, 1870-1990 (1990 G-K Dallars)
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Non-residential capital per capita, 1990 Geary-

Khamis dollars

Figure 7 United Kingdom: Capital Accumulation Per Capita, 1870-1990 (1990 Geary-Khamisdollars)
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Nonresidiental capital per capita, 1990 Geary-Khamisdollal

Figure 8. United States. Capital Accumulation Per Capita, 1870-1990 (1990 Geary-K hamis Dallar s)
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Figure 9: Income Elasticity Panel Regression 1
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Figure 10: Income Elasticity Panel Regression 2
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Figure 11: Income Elasticity Panel Regression 5

1.5 7
1 -
5 T
0 -
I I I I I
6 7 8 9 10
In income per capita (1990 $)
Figure 12: Trade Elasticity Panel Regression 5
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Figure 13: Income Elasticity Panel Regression 8
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Figure 14: Trade Elagticity Panel Regression 8
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